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I discuss the physics reach of a fixed-target charm experiment wliich can reconstruct > 10* charm decays, three 
orders of magnitude beyond the largest extant sample. Such an experiment may run at Fermilab shortly after 
the Year 2000. In addition to "programmatic" charm physics such as spectroscopy, lifetimes, and tests of QCD, 
this "Charm2000" experiment will have significant sensitivity to new physics in the areas of CP violation, fiavor- 
changing neutral-current and lepton-number-violating decays, and mixing, and could observe direct CP violation 
in Cabibbo-suppressed decays at the level predicted by the Standard Model. 



1. Introduction 

Charm experiments have made important con- 
tributions to our effort to test the Standard Model 
and search beyond it. I discuss in this paper 
the prospects for increased contributions in the 
years ahead, and I argue for a new fixed-target ex- 
periment to exploit to the full the demonstrated 
ability of the Fermilab Tevatron to produce very 
large samples of charm decays which can be re- 
constructed with small background. 

Following the more-or-less simultaneous dis- 
covery of the charm quark in fixed-target |^ 
and e~^e~ collisions ||^, for many years exper- 
iments at e'^e~ colliders dominated the study 
of charmed particles. Starting in «1985, silicon 
vertex detectors made fixed-target experiments 
once again competitive. More recently, advances 
in data acquisition bandwidth and offline com- 
puting power have allowed the recording of the 
very large unbiased event samples of Fermilab 
E769 and E791. In parallel with the development 
of higher-intensity photon beams, these develop- 
ments have allowed exponential growth in the 
sensitivity of fixed-target charm experiments, as 
illustrated in Fig. ^. Current charm samples are 
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in the 10^-reconstructed-decays range, the Fer- 
milab hadroproduction experiment E791 having 
the largest sample at w250,000 events Fer- 
milab experiments E831 and E781 aim to reach 
the 10^-event level in the 1996/7 Fermilab fixed- 
target run. 
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Figure 1. Yield of reconstructed charm vs. year 
of run for completed or approved Fermilab fixed- 
target charm experiments with the highest statis- 
tics for their generation; symbols indicate type of 
beam employed. 



At the CHARM2000 Workshop d the prospect 
of pushing to substantially higher sensitivity was 
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considered. A sample of >10* events was iden- 
tified as a desirable goal for a next-generation 
experiment. Such sensitivity could bring within 
reach the observation of CP violation in charm de- 
cay at the level expected in the Standard Model, 
while extending sensitivity to new physics by two 
orders of magnitude in statistical power. As de- 
scribed below, such an advance appears feasible 
in an experiment to run in the Year «2000. 

2. High-Impact Charm Physics 

"High-impact" denotes measurements which 
are particularly sensitive to new, non-Standard- 
Model physics II . The Standard Model (SM) 
contains two key mysteries: the origin of mass 
and the existence of multiple fermion generations. 
While the former mystery may be resolved by the 
LHC, the latter appears to originate at higher 
mass scales, which can only be studied indirectly. 
Such effects as CP violation, mixing, and flavor- 
changing neutral or lepton-number-violating cur- 
rents may hold the key to physics at these new 
scales [||-^ . Because in the charm sector the SM 
contributions to these effects are small, these are 
areas in which charm studies can provide unique 
information. In contrast, in the s- and 6-quark 
sectors in which such studies are typically pur- 
sued, there are large SM contributions to mix- 
ing and CP violation which for new-physics 
searches constitute backgrounds. 

Table I summarizes current sensitivities in 
high-impact charm physics. Also indicated is the 
sensitivity achievable in Charm2000, based on 
yield estimates such as those in Table |^. No other 
proposed experiment is competitive in reach pO| . 

I next discuss each physics topic in more de- 
tail, then summarize the salient aspects of the 
Charm2000 experiment. 

2.1. Direct CP violation 

The Standard Model predicts direct CP vi- 
olation at the '--^lO"^ level in singly-Cabibbo- 
suppressed decays (SCSD) of charm ]5|,[lT|- 
CP violation in Cabibbo-favored (CFD) 
or doubly-Cabibbo-suppressed (DCSD) modes 
would be a clear signature of new physics [^,0 . 
Asymmetries in all three categories could reach 



^10^^ in such scenarios as non-minimal super- 
symmetry and in left-right-symmetric mod- 
els @Jl^. There are also expected SM asym- 
metries of « 3.3 X 10-3 (= 2Re(eK)) due to 
K'^ mixing in such modes|^ as — > A'stt^ 
and Kstiy which should be observed in 

Charm2000 or even in predecessor experiments. 
While Ar°-induced CP asymmetries might teach 
us little we don't already know, they will at least 
constitute a calibration for the experimental sys- 
tematics of asymmetries at the lO"'' level. How- 
ever, Bigi has pointed out that a small new- 
physics contribution to the DCSD rate could am- 
plify these asymmetries to 0(10"^) [Q. 

The signal for direct CP violation is an abso- 
lute rate difference between decays of particle and 
antiparticle to charge- conjugate final states / and 
/: 



r{D^ f)-T{D^ f) 



(1) 



Extrapolation from sensitivity in E687 ||T^ im- 
plies CP sensitivities in Charm2000 in SCSD 
modes of wlQ-^ at 90% confidence 0. Because 
of the DD production asymmetry, in fixed-target 
experiments the rates in Eq. Q are in practice nor- 
malized to the observed rates in Cabibbo-favored 
modes. The ratiometric nature of the measure- 
ment reduces sensitivity to systematic biases, but 
at the 10"'^ level systematics will need to be stud- 
ied carefully. 

Since one CFD mode must be used for normal- 
ization, the search for direct CP violation in CFD 
modes is actually a search for CP-asymmetry dif- 
ferences among various modes. Given the differ- 
ing final-state interactions, if new physics causes 
CP violation in CFD modes, such differences 
are not unlikely. The yields indicated in Ta- 
ble 1^ imply CP sensitivity at the few x 10"^ level 
in Charm2000 for D° -> K~tt+tt~7t+, normal- 
ized to the production asymmetry observed in 
K^-K^. For DCSD modes, extrapola- 
tions from preliminary E791 results on —^ 
K+TT+TT- [HI and CLEO's observation of D" 



^To avoid such cumbersome notations as D^^(D^) — > 
K^n^, here and elsewhere in this paper charge-conjugate 
states are generally implied even when not stated. 
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K+TT- figj] suggest CP sensitivity in Charm2000 
at the fewxlO-3 to wlO"^ ig^el These ex- 

trapolations are conservative and ignore expected 
improvements in vertex resolution and particle 
identification. Detailed simulations are underway 
to assess these effects. 

SM predictions for direct CP violation are 
rather uncertain, since they require assumptions 
for final-state phase shifts as well as CKM matrix 
elements [|l3|,|4| ; the predictions given in Table |l| 
are representative, but the theoretical uncertain- 
ties are probably larger than indicated there |20j . 
However, given the order of magnitude expected 
in charm decay, the Charm2000 experiment might 
make the first observation of direct CP viola- 
tion outside the strange sector, or indeed the 
first observation anywhere if (as may well be the 
case 1^,^) signals prove too small for detection 
in the next round of K° ||2|,||| and hyperon ^ 
experiments p6| . 

2.2. Flavor-Changing Neutral Currents 

Charm-changing neutral currents are forbid- 
den at tree level in the Standard Model due to 
the GIM mechanism [^. They can proceed via 
loops at rates which are predicted to be unob- 
servably small, e.g. for — > (which suf- 

fers also from helicity suppression in the SM) 
the predicted branching ratio is ^ 10^^^ p8|,[7 ,|6|, 
and for D+ n+ii+fj,- it is ~ 10-i° 
Long-distance effects increase these predictions 
by some orders of magnitude, but they remain 
of order lO"!^ to 10"^ (7l|l^,|l|- Various exten- 
sions of the SM [ p9p^ predict effects substan- 
tially larger than this, for example in models with 
a fourth generation, both B{D^ 77+//+/!") and 
B{D° can be as large as lO^^ (29). 

Experimental sensitivities are now in the range 
~ 10"'* to 10~^ ||3^-]37[| and are expected to reach 
~ 10-5 to IQ-^ in E831 (38|. 

While Charm2000 aims at a single-event 
branching-ratio sensitivity of wlO"^, FCNC lim- 
its are typically background-limited, so sensi- 
tivites can be expected to improve as the square 
root of the number of events reconstructed. In 
some cases, however, more dramatic improvement 
may result from improved lepton identification. 
For D+ 7r+^+^-, scaling E791 sensitivity Q 



by a factor of -\/2000 gives few x 10"'' sensitivity 
in Charm2000. This estimate may be conserva- 
tive, since the simple muon detection scheme em- 
ployed by E791 (one layer of scintillation coun- 
ters following 2.5 m of steel equivalent) resulted 
in a (momentum-dependent) 7r-/i misidentifica- 
tion probability ranging from 4.5 to 20% [Q, and 
it should be possible to reduce this to «1% in 
Charm2000. With modern calorimetry for elec- 
tron identification one expects to do almost as 
well for Tree as for irfifi. For D'^ M^M^ a-nd 
e+e", extrapolation from WA92 ||3^ implies sen- 
sitivity of 10"^ per mode. 

2.3. Lepton-Number- Violating Decays 

There are two lepton-numbcr-violating effects 
which can be sought: decays violating conserva- 
tion of lepton number (LNV) and decays violating 
conservation of lepton- family number (LFNV). 
LFNV decays (such as D° fJ-'^e^) are expected 
in theories with leptoquarks |32), heavy neutri- 
nos extended technicolor |3^, etc. LNV de- 
cays (such as A'^e+e+ or S+7r+e^) can 
arise in GUTs and have been postulated to play 
a role in the development of the baryon asymme- 
try of the Universe [Q. Since no known funda- 
mental principle forbids either type of decay, it 
is of interest to search for them as sensitively as 
possible. 

Although much smaller decay widths can be 
probed in K decays, there are simple theoretical 
arguments why LFNV charm decays are never- 
theless worth seeking. For example, if these ef- 
fects arise through Higgs exchange, whose cou- 
plings are proportional to mass, they will couple 
more strongly to charm than to strangeness ]4l| . 
Furthermore, LFNV currents may couple to up- 
type quarks more strongly than to down-type |3^, 

As shown in Table the best existing lim- 
its come in most cases from the e"'"e- experi- 
ments Mark II, ARGUS, and CLEO (although 
the hadroproduction experiment Fermilab E653 
dominates in modes with same-sign dimuons) and 
are typically at the lO-^-lO"'* level J36|,p7| E831 
expects to lower these limits to ^ lO"^^ |]38[, and 
Charm2000 should reach - 10""^. 
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2.4. Mixing and Indirect CP Violation 

£)0£)0 jnixing may be one of the more promis- 
ing places to look for low-energy manifestations of 
physics beyond the Standard Model. SM contri- 
butions to |AA/£)| are estimated [ p^p^ j to give 
Tmix ~ {/S.Md/YdY < 10~^; any observation 
at a substantially higher level will be clear evi- 
dence of new physics.0 Many nonstandard mod- 
els predict much larger effects. An interesting ex- 
ample is the multiple-Higgs-doublet model lately 
expounded by Hall and Weinberg |^^, in which 
IAMdI can be as large as 10^'' eV, approaching 
the current experimental limit. In this model 
CP violation arises from the Higgs sector, and 
CP violation in the beauty sector is expected to 
be small, which emphasizes the importance of 
exploring rare phenomena in all quark sectors. 
The large mixing contribution arises from flavor- 
changing neutral-Higgs exchange (FCNE) p6| , 
which can be constrained to satisfy the GIM 
mechanism for K'^ decay by assuming small phase 
factors (~ 10"'^). Many other authors have 
also considered multiple-Higgs effects in charm 
mixing 42]4^-[5l|. Large mixing in charm can 
also arise in theories with supersymmetry [^ , ^ , 
technicolor leptoquarks [Q, left-right sym- 
metry , or a fourth generation . 

The experimental situation regarding D'^D^ 
mixing is complicated by the presence of DCSD. 
Since both effects can lead to the same final 
states, one needs to distinguish them using time- 
resolved measurements In the notation 
of Refs. and the time dependence for 
wrong-sign decay is given by 



r(D°(i) ^ K+TT- 



-{4|Ap + (AM2 



Ar2 



2Re(A)Ari + 4Im(A)AMi} , 



(2) 



and there is a similar expression for D'^ K tt^ 
in which A is replaced by A. In Eq. |^ the first 

^Earlier estimates [[44| that long-distance effects can giv e 
A.Mu /Fo ~ 10~^ are claimed ia jiave been disproved | |l3| , 
though there remain skeptics ||l4,hq|. 

^This is in distinction to the original "Weinberg model" 
of CP violation WTf, in which FCNE was suppressed by 
assuming a discrete symmetry such that one Higgs gave 
mass to up-type quarks and another to down-type. 



term on the right-hand side is the DCSD contri- 
bution, which peaks at < = 0; the second is the 
mixing contribution, which peaks at 2 life- 
times because of the factor t^; and the third and 
fourth terms reflect interference between mixing 
and DCSD and peak at 1 lifetime due to the factor 
t. A and A can acquire nonzero phases through in- 
direct CP violation or through final-state interac- 
tions |5^,Q . For small values of Tmix experimen- 
tal sensitivity to mixing can be enhanced by in- 
terference [|7| . However, at present levels of sen- 
sitivity, allowing an arbitrary interference phase 
when fitting decay-time distributions reduces the 
stringency of the resulting limit (5^j5^ . 

Extrapolation by \/2000 from preliminary E791 
results suggests sensitivity of r:;2x10~^ in 
Charm2000 (neglecting interference), which with 
improvements in particle identification and reso- 
lution for the tagging pion might approach 10~^. 
Since the interference term is linear in AA/^j 
while the mixing term is quadratic, the ratio of 
the interference and mixing contributions goes as 
l/Ail/jj. Thus as experimental sensitivity im- 
proves and smaller and smaller values of AM^ 
are probed, interference becomes relatively more 
important. In a (model-dependent) estimate of 
Charm2000 sensitivity based on the prescription 
of Browder and Pakvasa |55|, the interference 
term improves sensitivity slightly, and 10^'^ sen- 
sitivity is obtained [Q. 

Semileptonic decays offer a way to study mix- 
ing free from the effects of DCSD. A prelimi- 
nary result from E791 using £'*-tagged — > 
Kev events indicates sensitivity at the «0.5% 
level |60|. Extrapolation by -^2000 suggests 10^"' 
sensitivity in Charm2000, but use of muonic de- 
cays as well, plus improvements in lepton iden- 
tification and resolution for the tagging pion, 
may give significantly better sensitivity. At 
the CHARM2000 Workshop, Morrison suggested 
10^^ sensitivity may be possible | |6l[ |. 

Liu has stressed the importance of setting lim- 
its on AF as well as on AM. Although typi- 
cal extensions of the SM which predict large AM 
also predict AM ^ AF ||5^ , |55|] , from an exper- 
imentalist's viewpoint both should be measured 
if possible. This can be done quite straightfor- 
wardly by comparing the lifetime measured for 
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CP-even modes (such as K'^K^ , tt+tt^) with that 
for CP-odd modes or (more simply) with modes 
of mixed CP (such as K~tt~^). Liu has estimated 
the Charm2000 sensitivity at ~ 10"^ - 10"^ in 
y2^(Ar/2r)2 |7|. 

2.4.1. Indirect CP violation 

In the SM D^D'^ mixing is neghgible, and any 
indirect CP-violating asymmetries are expected 
to be less than 10^^ However, possible 

mixing signals at the ^1% level have been re- 
ported Given the E691 mixing limit these 
presumably represent enhanced DCSD signals. 
If a significant portion of this rate is mixing, 
new physics must be responsible |l^,^. Indi- 
rect CP violation at the $1% level is then possi- 
ble ^,^,|lj,^. Several authors have suggested 
that the CP-violating signal, which arises from 
the interference term of Eq. plrnay be easier to 
detect than the mixing itse lf |54| -|57[| . In particu- 
lar, Browder and Pakvasa ]55[| point out that in 
the difference T{D° K+tt-)-T(D^ K~Tr+), 
the DCSD and mixing components cancel, leav- 
ing only the fourth term of Eq. ^. Thus if indirect 
CP violation is appreciable, this is a particularly 
clear way to isolate the interference term. 

3. Testing the Standard Model with 
Charm 

In addition to searches for effects due to new 
physics, high-sensitivity charm measurements ad- 
dress a variety of Standard-Model issues. These 
have been discussed recently by Sokoloff |64[ , 
Sokoloff and Kaplan §, and Wiss 

3.1. Testing the heavy-quark effective the- 
ory 

Heavy-quark symmetry can be used to pre- 
dict many nonperturbative properties of hadrons 
containing a heavy quark (including form fac- 
tors as discussed below). As a rigorous limit 
of QCD, HQET needs to be tested in its own 
right, but it is also important as a method for 
extracting Vub and Vcb from _B-decay measure- 
ments. HQET can be tested in the charm sector 
through its predictions [|65|-|67t for the masses and 
widths of the orbitally-excited D** mesons 
Charm2000 should achieve few-percent fractional 



errors on the masses and widths of many D** 
states, where present measurements are at the 
«50% level ||,||-|7§. By probing the impor- 
tance of finite-mass effects at the charm-quark 
mass, such measurements will help establish to 
what extent HQET is applicable to beauty ||7l|| . 

3.2. Semileptonic form factors 

Semileptonic form factors are a testing ground 
for nonperturbative QCD effects ||]. They are 
also important for extraction of CKM matrix el- 
ements from charm decay and for CP-violation 
studies in beauty decay. For example, the 
method proposed by Dunietz for measuring 
the unitarity-triangle angle 7 using branching ra- 
tios for Bd K*%l} and p^^j: requires knowledge of 
semileptonic form factors and helicity amplitudes. 
These should be the same in D as in B decay, thus 
precise measurements in the charm sector will be 
an important input. Modeling the — > K*^iv 
and p'^lv form factors with single-pole forms, the 
pole mass should be measurable in Charm2000 to 
better than 1%. The polarization of the K* (the 
ratio of longitudinal to transverse form-factors) 
should be measurable with ^percent statistical 
and systematic uncertainties, and that of the 
with few-percent statistical accuracy. Ds — > (j^li' 
should be measured with similar precision, pro- 
viding another test of heavy-quark symmetry Iti] . 

3.3. Studying the CKM matrix with 
semileptonic decays 

Semileptonic decays can be used to measure 
the CKM- matrix elements Vcs and Vcd- Cur- 
rently, \Vcd\ and I Vcs I are known to ±5% and 
±15% respectively From the branching ra- 
tios for the semileptonic decays D'^ n^l^vi 
and D° K'l+vi, the ratio iVdl/lVsl should 
be determined in Charm2000 with a statistical 
accuracy of ^10^'^. 

3.4. Hadronic decays 

Hadronic decays of mesons containing heavy 
quarks have many interesting applications. As 
noted above, they can be used to search for di- 
rect CP asymmetries, the size of which depends 
on final-state phase shifts. The phase shifts can 
be studied with branching-ratio and Dalitz-plot 
analyses S. Such studies test nonperturbative 
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QCD models and are relevant to direct CP viola- 
tion in beauty ||7l[| and charm (ljj2^ decays. The 
resonant substructure in charm decay to multi- 
particle final states can also be a QCD laboratory, 
with the possibility of clarifying the questions of 
existence of glueballs and gluonic hybrids [^,0 • 
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4. A Next- Generation Charm Spectrome- 
ter 

A proposal is under development for a new Fer- 
milab experiment to reconstruct ^4x10^ charm 
decays, «2000 times the largest extant charm 
sample, in the Year-«2000 fixed-target run. The 
spectrometer (Figs. ||, ^ is planned to be compact 
and of moderate cost {e.g. substantially cheaper 
than HERA-i? [^), but with large acceptance, 
good resolution, and high-rate tracking and par- 
ticle identification. Tracking is done exclusively 
with silicon or diamond [f76|| and scintillating- 
fiber detectors, allowing operation at a 5 MHz 
interaction rate. A fast ring-imaging Cherenkov 
counter provides hadron identification, and 
calorimeters (possibly augmented by a TRD) 
identify electrons and allow first-level trigger- 
ing on transverse energy. Triggering efficiently 
on charm while maintaining high livetime and a 
manageable data rate to tape ($100MB/s) is a 
significant challenge, requiring hardware decay- 
vertex triggers [Q; first-level "optical" triggers 
may play a significant role [^,0 . ^ (More de- 
tailed discussions may be found in [B2| and [p3[.) 

5. Yield 

In 800 GeV proton collisions with a high-A tar- 
get, charm is produced at a rate of w7x 10^^ per 
interaction . Thus at a 5 MHz interaction rate 
in a typical fixed-target run of 3 x 10^ live beam 
seconds, 10^^ charmed particles are produced. 
The reconstructed-event yields in representative 
modes are estimated in Table ||, with efficiencies 
derated for all-hadronic modes under the assump- 
tion that the optical trigger described in M is 



"While HERA-B could be competitive with Charm2000 
as a charm experiment, it lacks the capabilities to trigger 
efficiently on charm and to acquire the needed large data 
sample, and it probably has significantly poorer vertex 
resolution as well. 



Figure 2. Spectrometer layout (bend view). 
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Figure 3. Detail of vertex region (showing op- 
tional optical impact-parameter trigger). 



used for those modes. For leptonic modes, the 
first-level trigger rate should be sufficiently low to 
be recorded directly. The second half of the table 
gives yields extrapolated by a factor of 2000 from 
E791. The total reconstructed sample is well in 
excess of 10® events. Given the factor «2 mass- 
resolution improvement compared to E791, one 
can infer a factor «50 improvement in statistical 
significance for typical decay modes. No other 
proposed experiment is competitive in reach.^ 

6. Conclusions 

A fixed-target hadroproduction experiment 
(Charm2000) capable of reconstructing >10® 
charm decays is feasible using detector, trigger, 
and data acquisition technologies which exist or 
are under development. A typical factor 50 in 
statistical significance of signals may be expected 



-'The CHEOPS Letter of Intent to CERN [gj and the 
proposed Tau/Charm Factory both aim at ^10^ re- 
constructed charm. 
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compared to E791, possibly bringing within reach 
the observation of Standard-Model CP violation 
in charm decay, and extending searches for new 
physics by two orders of magnitude in statistical 
power. 
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Tabic 1 

Sensitivity to high-impact charm physics. 



Topic 


Limit* 


Charm2000 
Reach* 


SM 

prediction 


Direct CP Viol. 








_D" K--K+ 

D° K--K+-K--K+ 

D" K+TT- 
D^^ — > K~ 

D+ K-K+-K+ 
D+ 'k^K+ 

D+ 4>-K+ 
D+ r?7r+ 
D+ KgTT+ 


-0.009<A<0.027 H 

-0.11<A<0.16 

-0.14<A<0.081 Ijjl 
-0.33<A<0.094 |U1 
-0.075<A<0.21 @ 


few X 10-" 
10-3 - 10-2 
few X 10-3 
10—3 

10-3 
10-3 
10-3 

few X 10-" 


^ (CFD) 
Ri (CFD) 
Ri (DCSD) 
~ (DCSD) 

(2.8±0.8) X 10-3 ||l|l 

(-1.5±0.4) X 10-3 H 
3.3 X 10-3 |iq] 


FCNC 












D" ^JL+^l- 

1)0 _^ 'KOe+e- 
D" ^l<^ti+fi- 
D+ TT+e+e" 
D+ n+ii+ti- 
D+ K+e+e- 
D+ K+fi+iJ.- 


7.6 X 10-" [ 

1.7 X lO-"* [ 
17.0 X 10-"* 

2.5 X lO-"* [ 

6.6 X 10-5 [ 

1.8 X 10-5 [ 
4.8 X 10-3 [ 
8.5 X 10-5 [ 

1.4 X lO-M 

2 X 10-* lei 


37 

E 

i4 

i 




10-'^ 
10-*^ 
10-*^ 
10"® 

few xlO"'' 
few xlO"'^ 
few xlO-'^ 
few xlO"'^ 


< 3 X 10-15 ^ 

< 2 X 10-15 [i 

< 2 X 10-15 [| 

< 10"* 1 

< 10-* II 

< 10-15] 3 

< 10-i5Jp 

(1 - 5) X 10-6 [| 
(0.1 - 3.4) X 10-^ Ifl 


LP or LN Viol. 












D+ 7r+^t±e=F 
D+ ^ K+fi^e'f 
D+ n-ti+ij.+ 
D+ K-ii+fj.+ 
D+ p~iJ.*ti+ 


1.0 X 10-* [ 

3.3 X 10-3 [ 

3.4 X 10-3 [ 

2.2 X 10-"' [ 

3.3 X 10""' [ 
5.8 X 10-" [ 


m 
m 

i 




10-' 

fewxlO"'^ 
fewxlO"'^ 
fewxlO"'^ 
fewxlO"'^ 
fewxlO-'^ 










Mixing 










r < 0.0037 Iss), 

AMd < 1.3 X 10-1 cV 


r < 10-5, 
AMd < 10-5 eV 
r < 10-5 


lO-'^eV (l3| 



*at 90% confidence level 
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Table 2 

Estimated yields of reconstructed decays (antiparticles included) in Charni2000. 



mode 


cliarm frac. 


BR (%) 


acceptance 
X efficiency 


Charm2000 yield 


D'' ^ K-n+ 
D+ K*^^nv 
— > Knfiu 

all 


0.5 

0.25 

1 


4.0 

2.7 
f» 0.1 


0.6 X 0.1 

0.4 X 0.25 
Si 0.4 X 0.1 


1.3 X 10** 

7 X lO'^ 
fa 4 X 10* 




analysis* 




E791 yield* 




D+ K-TT + TT+ 
D+ KsTT+ 

D*+ tt+DO ■K+K--K+ 

D*+ TT + D" n+K-TT+TT + TT- 
D*+ TT + D" TT+K + TT- 

D° K-n+TT+TT- 


FCNC 

mixing 
mixing 
DCSD 


9.1 
0.94 

2.7 

5.5 
0.02? 

8.1 


37000 ± 200 

5000 
3200 
45? 


(7 ±0.001) X 10' 
(7 ±0.003) X 10^ 
107 
0.6 X 10'^ 
10* - 10^ 
6 X 10^ 



*Note that the cuts used (and hence the event yields) vary depending on the analysis goal, thus the E791 yields display 
apparent inconsistencies at the factor-of-2 level. 
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